The objective of this research was to investigate the effect of silver nanoparticles (AgNPs), free or conjugated with monoclonal antibody and mediated by Q-switched Nd:YAG laser on five dermatophytes. The laser was applied for 45 s at 532 nm and 0.8 J/cm 2 . The application of AgNPs combined with laser caused an increase in fungal susceptibility compared to application of AgNPs alone. The MIC 50 and MIC 100 recorded 3 and 9 µg/ml in the case of E. floccosum (the most susceptible species), 10 and 19 µg/ml for T. rubrum (the most tolerant species), respectively. A decrease in keratinase activity reaching 76.1, 67.1, and 62.4% was attained in the case of M. gypseum, T. rubrum, and T. mentagrophyte, respectively, on application of 10 µg/ml AgNPs combined with Nd:YAG laser. Under the same conditions of application, a steady increase in leaked materials coupled with reduction in ergosterol synthesis was reached. The structural alterations occurred to the fungus were more observed on the application of AgNPs in combination with laser where the conidia and hyphae lost their cellular integrity, become flaccid, permanently destructed, and completely killed. The monoclonal antibody conjugated AgNPs did not result in significant variation in in vitro experiments compared with that produced by nonconjugated nanoparticles. However, the conjugates achieved significantly more curing of M. canis-inoculated guinea pigs compared with nonconjugated nanoparticles.
treat dermatomycoses, but fungal resistance to the different azole derivatives appears very commonly. 4 Moreover, the azole-containing medicines may have adverse hepatic effects, drug interactions, interfere with the central nervous system, sex and thyroid hormones, and testosterone biosynthesis. 5 To overcome these problems and avoid the appearance of antifungal resistance, the search for other new appropriate antifungal agent that selectively inhibit such fungi without harmful side effects is urgently needed. In recent times, the advances in the field of nanosciences and nanotechnology has brought to fore the nanosized inorganic and organic particles, which are finding several applications including industrial, medicine, and therapeutics. 6 Nanoparticles are clusters of atoms in the size range 1-100 nanometers (nm). Different types of metal nanoparticles like copper, gold, magnesium, silver, titanium, and zinc have been developed, but silver nanoparticles (AgNPs) have been shown to induce a broad spectrum of cidal or static activity toward several pathogenic microorganisms. Several reports have indicated that AgNPs exhibit antimicrobial properties against several pathogens including viruses, 7 bacteria, 8, 9 filamentous fungi, 10, 11 yeasts, 12 and actinomycetes. 13 The implication of nanoparticles on health and environment needs to be assessed completely before their largescale production and application in various fields. [14] [15] [16] The repeated and extensive application of the nanoparticles in a specific tissue leads to accumulation of the nanoparticles and consequently may induce adverse effects. The studies of Ravishankar and Jamuna 17 indicate that metal nanoparticles may induce toxicity for the different cellular and biological components that affect their performance. The size of the nanoparticles is small, and these can easily access the skin, lungs, and brain and cause damaging effects. 18, 19 To reduce the complication of the prolonged exposures to nanoparticle on human health and environment, it is important to reduce their applied treatment doses through combination with other factor that mediate their effect and interact synergistically with the nanoparticles. It is known that low power laser systems through optical excitation of light sensitive cells can cause photochemical reactions in the tissues without any thermal damage. 20 High power lasers generate heat and increase the kinetic energy of the target cells and induce their denouement through evaporation, coagulation, or necrosis reactions. 21, 22 Low power laser systems have inhibitory effects on fungal growth, its convenience and availability is more than high power lasers. 23 The practical clinical laser therapy depends on many components to be mentioned such as the laser output power, wavelength, spot size, pulse frequency, duration of tissue exposure to the laser, and number of the sessions. Laser radiation may facilitate the action of the nanoparticles through softening and proliferation of the rigid fungal cell wall and increasing the kinetics of nanoparticles.
In continuation with our earlier published paper, 11 this research aimed to investigate the inhibitory effect of silver nanoparticles (AgNPs) mediated by Q-switched Nd:YAG laser and dermatophytes specific antigen against dermatophye fungi in vitro and in vivo. The authors hypothesize that the interaction of AgNPs with the fungal cell will be increased by the presence of specific antigen that acts as recognition factor. It is also assumed that the inhibitory effect of AgNP-antigen conjugate will be accelerated by laser radiation.
Materials and methods

Test organisms
Several dermatophytes species were isolated from patients with skin, nails, and hair infections admitted to dermatological and microbiological laboratory of King Fahd Hospital, Almadinah Almunawwarah, Saudi Arabia. The most common isolated species were identified as Epidermophyton floccosum, Microsporum canis, Microsporum gypseum, Trichophyton mentagrophytes, and Trichophyton rubrum. These dermatophytes were used as test organisms. They were stored in Sabouraud dextrose (SD) broth (Oxoid) with 20% glycerol at −80 • C and propagated on potato dextrose agar (PDA) (Oxoid) plates incubated at 25
• C before each test. The inoculums were prepared from 7-day-old cultures.
Silver nanoparticles
AgNPs were purchased from Nanotech Egypt for photoeclectronics, Giza, Egypt, and were at least 99.95% pure. The particles have been prepared by a chemical reduction method as reported by Mulfinger et al. 24 The color of AgNP solution is grayish yellow indicating the reduction of the Ag 1+ ions to AgNPs. The particles were spherical in shape of 15 ± 3 nm average size and with optical absorption peak at 410 nm. In order to prevent the agglomeration of the particles, triethanolamine (TEA) was added to the suspension as a stabilizer. It was suggested that proteins, organic acids, and polysaccharides released by the investigated fungi might have critical role in keeping the stabilization of the synthesized NPs. 25 
Laser
The source of laser radiation was located at the strategic labs, Taibah University, KSA. The laser used was Qswitched Nd:YAG laser (Spectra-Physics, USA) with a measured power output up to 4 W. This emits radiation in a collimated beam (up to 8 mm) with a wavelength of 532 nm. The Q-switched Nd:YAG laser can be used for treatment of superficial and deep regions of the skin and overcomes the obstacle of excessive melanin absorption. The effect of different exposure times (0.5-10 min) were tested on the investigated dermatophytes to determine the minimum inhibitory times, MIT50 and MIT100, that produce 50% and 100% growth inhibition, respectively. The samples were 30 cm away from the mirror. In preliminary test, it was found that 45 seconds irradiation dose induced inhibitory effect on the test fungi ranging from 10 to 15% without thermal damage of the test dermatophyte species. Therefore, this time duration of laser radiation was fixed with the application of AgNPs.
Laser treatment
The preliminary test showed that the optimum operating conditions for inducing the minimum inhibitory effect of Q-switched Nd:YAG laser against the tested dermatophytes were attained at 532 nm, fluence rate of 0.8 J/cm 2 , 10 ns pulse duration, and repetition rate (frequency) of 10 Hz. The average duration treatment of laser that produce 50% and 100% inhibition against spores of M. canis as a typical representative example was 45 s and 120 s, respectively.
Minimum Inhibitory concentration (MIC) of AgNPs combined with Nd:YAG laser
The MIC for the different isolates was determined by a broth microdilution assay in accordance with the guidelines of National Committee for Clinical Laboratory Standards (CLSI) defined in documents M38-A2 concerned with the filamentous fungi. 26 The inoculum suspensions of the test fungi were prepared by covering the fungal colonies, previously grown on 9 cm Sabouraud dextrose agar (SDA) plates for 7 days at 28 • C, with 10 ml distilled water and then scraping the colony surfaces with the tip of sterile loop. The resulting suspension containing conidia and hyphal fragments was transferred to sterile tubes and allowed to retain for 15 minutes at room temperature to allow the heavy particles and fragments to settle down. The suspension was adjusted using a double beam UV-vis spectrophotometer (UNI CO, Model UV 2150) until reaching optical density of 75 to 80% transmittance. The concentration of colony-forming units (CFU/ml) was quantified by microscopic enumeration with a cell-counting hematocytometer (Neubauer-ruled Bright Line counting chambers; Hausser Scientific, Horsham, Pa.) and by plating 10 ml of suspension in SDA and counting the developing colonies. The concentration of the inoculum suspension was then adjusted to 1 × 10 5 cells/ml using RPMI 1640 medium (with glutamine and without sodium bicarbonate, Sigma, Chemical, Co. 
Keratinase assay
In this experiment, 10 µg/ml of AgNPs was used as the average inhibitory dose for the most tested species that relatively allow fungal growth and studying the effect of nanoparticles either individually or combined with Nd:YAG laser on keratinase activity. For preparation of the inoculum, spore suspension of the fungal isolates was prepared by adding 10 ml of sterilized water to 14 day-old fungal isolates growing on plates of sabouraud dextrose agar. The final concentration of the spore suspension was adjusted to about 1 × 10 5 per ml. The AgNP-treated inoculum of each fungus species was treated with Nd:YAG laser at fluence rate of 0.8 J/cm 2 at wave length of 532 nm, 10 ns pulse duration, and 10 Hz frequency for 45 s before incubation into keratinase induction medium. 27 Inoculums treated only with AgNPs were used for comparison and others treated with fluconazole were used as antifungal reference drug. The cultures were allowed to stand for 5 days at 28
• C and then were shaken for 5 days in shaking incubator (Model JSSI-100C, JS Research Inc., Korea). At the end of the growth period, the mycelium was removed from the flasks by filtration and the culture filtrates were assayed for keratinase activity using the modified method of Muhsin and Aubaid. 27 In brief, 500 ml of cell free supernatant was mixed with 50 mg of guinea pig hair in 5 ml of 0.03 M phosphate buffer (pH 7.8) and incubated at 37
• C for 3 h. The investigated sample was replaced by buffer to run the control. The reaction mixture was stopped by adding 5 ml of 10% trichloroacetic acid (TCA) and kept on ice for 30 min and centrifuged at 5000 rpm for 30 min. A boiled enzyme solution was used in the same way as a control. The hair was removed by filtration and the absorbance was read at 280 nm using a double beam UV-vis spectrophotometer. The enzyme activity was expressed as U per ml, where one unit of keratinolytic activity was defined as the amount of enzyme required to liberate 1 mmol tyrosine under these conditions.
Leakage measurement
The release of cell constituents into the supernatants was measured according to the method described by Paul et al. 28 with minor modifications. Briefly, mycelium from a 100 ml Sabouraud dextrose broth culture of the tested dermatophytes was collected by centrifugation at 4000 g for 20 min, washed three times with distilled water to remove media contaminants, and then was re-suspended in 100 ml of phosphate buffered saline (pH 7.0) amended with 10 µg/ml of AgNPs. Parallel experiments were carried out in the same way for mycelium treated with Nd:YAG laser for 45 s and other for AgNPs-treated mycelium followed by the exposure to Nd:YAG. Fluconazole at 100 µg/ml was employed for comparison. The treated mycelium was suspended in saline and then incubated at 25
• C under agitation in shaking incubator for 30 min. By the end of incubation time, 2 ml of samples was collected and centrifuged at 12,000 g for 2 min. To determine the concentration of the released constituents, 1 ml of supernatant was used to measure the absorbance at 260 nm with Spectrophotometer. Sodium dodecyl sulfate (SDS) (2%) was used to calculate 100% cellular leakage. Results are expressed as the means of percentage cellular leakage values from three independent assays.
Ergosterol determination
For determination of the amount of ergosterol, the tested strains, treated or untreated, were incubated in RPMI 1640 medium supplemented with 2% glucose (Difco) for 10 days at 25
• C while shaking. Ergosterol was isolated from fungal cells by saponification, and the nonsaponifiable lipids were extracted with heptane. Ergosterol was identified by its spectrophotometric absorbance profile at 230-300 nm according to the method reported by Arthington-Skaggs et al. 29 Scanning electron microscopy (SEM)
The effect of AgNPs individually or combined with Nd:YAG laser on spores of M. canis as a representative dermatophyte was examined using SEM. The choice of M. canis for this study was based on being the most common reported causative agent in all superficial mycoses among Almadinah Almunawwarah population. The spores were detached from agar discs (1 cm diameter) of inoculated Sabouraud dextrose agar that had been incubated for 12 days at 25
• C. Scanning electron microscopy for fungal sample examination was carried out according to the method described by Alves et al. and published in laboratory protocols in fungal biology edited by Gupta et al. 30 After the last wash of the examined fungal sample, the purified suspension was collected in demineralized sterile water and distributed in 10 Eppendorf tubes, each containing one ml of the suspension. Two tubes were treated with 10 µg/ml of AgNPs, two treated with Nd-YAG laser emitted at 532 nm and applied for 45 s, two treated with AgNPs for two minutes followed by irradiation with Nd-YAG laser. The spore suspension of the last two tubes remained without treatment and was employed as control. Twenty-five µl aliquots of the treated and untreated spore suspensions were sprayed on 1.0 cm diameter polystyrene sheet and dried for 24 h at room temperature in a laminar flow hood. The sheets were then pasted on a metallic support and gold plated before observation by scanning electron microscopy at 20.0 kV with a FEI/Philips (Czech Republic) XL30 microscope.
Silver antibody conjugates
The antibody was produced and kindly provided from Xceltis, Mannheim, Germany. This monoclonal antibody recognizes an antigen of approximately 20,000 kDa MW of the fungal wall present in Trichophyton rubrum, Trichophyton mentagrophytes, Trichophyton violaceum, Trichophyton tonsurans, Microsporum canis, Microsporum gypseum, and Epidermophyton species but not in yeasts of the Candida and Malassezia species. The antibody was diluted 1:100 according to the instruction of manufacturer. The conjugation of the antibody, diluted 1:100 according to the instruction of manufacturer, to the AgNPs was carried out according to the method described by Weissenböck et al. 31 The conjugation was achieved by two-step carbodiimide process, which involved the activation of the carboxyl groups on the nanoparticle surface by an 1-Ethyl-3-[3-dimethylaminopropyl] carbodiimide hydrochloride (EDC)/N-hydroxysuccinimide (NHS) mixture, followed by binding of the activated carboxyl groups to the amino groups in the antibody.
Pathogenicity test
This experiment was conducted to investigate the possibility of using AgNPs conjugated with antibody and combined with the application of Q-switched Nd:YAG laser in curing the M. canis-inoculated guinea pigs. Animal housing, treatment conditions, and care was performed according to the KSA national legislation for the care and use of laboratory animals and approved by the institutional animal ethics committee (approval no. 3006/434). A detailed design of the pathogenicity experiments was described in an earlier paper published by authors. 10 In brief, one ml volumes of M. canis spores containing 1 × 10 4 spores/ml were smeared on three separate areas of the shaved and lightly scarified dorsa of the albino guinea pigs. The inoculation induced a generation of crusted, erythematous lesions of approximately 4 to 5 cm in diameter, which were well developed 3 days after inoculation. One ml of 13 µg/ml AgNPs (concentration inducing MIC 60 ) free or conjugated with antibody was applied combined with Q-switched Nd:YAG laser for 45 s to each of the infected region. Fluconazole at concentration of 152 µg/ml (MIC 100 ) was used for comparison. For all experiments, the treatment was repeated every 3 days for only 15 consecutive days starting from the fifth day after inoculation and the experiments were terminated after 45 days from inoculation. The results were compared with non-inoculated untreated pigs. The recovered pigs were examined clinically and mycologically by the end of the experiments to confirm they are free from any infection site or residual spores. The percent curing was estimated as follow:
% recovery = Number of guinea pigs completely free from infection sites × 100 / total number of guinea pigs
The experimental groups contained a minimum of six animals each and the experiment was replicated one more time.
Statistical analysis
All data were expressed as the mean +SD of three independent replicates. The data were analyzed for normality prior to analysis using the Anderson-Darling test. Statistical analysis and significant differences among groups were performed using one-way ANOVA followed by Bonferroni post hoc test. Significance was assumed with P ≤ .05.
Results
Minimum inhibitory concentrations (MIC)
The MIC 50 of the AgNPs ranged from 5 to 16 µg/ml for Epidermophyton floccosum and Trichophyton rubrum, respectively, while the MIC 100 ranged from and 9 to 19 µg/ml for the same species, respectively. All the tested fungi were significantly more sensitive to AgNPs as antidermatphytic agent compared with fluconazole. More significant reduction in susceptibility of the tested species was observed on application of AgNPs combined with Nd:YAG laser ( Table 1 ). The MIC 50 and MIC 100 recorded 3 and 9 µg/ml in the case of E. floccosum (the most susceptible species), 10 and 19 µg/ml in the case of T. rubrum (the most tolerant species), respectively, in the case of AgNPs combined with Nd:YAG laser.
Keratinase
A significant variation in keratinase activity of the tested species was observed under control condition. Keratinase activity of the tested species ranged from 7.3 U/ml in the case of T. rubrum to 38.0 U/ml for M. gypseum (Table 2 ). AgNPs applied at 10 µg/ml caused significant and differential reduction in keratinase activity depending on the tested species. 
Leakage of substances absorbing at 260 nm
The loss of cell membrane characteristics of the tested fungi was estimated by determining the leaked materials at 260-nm-light-absorbing compounds from cells after 30 minutes. SDS was used to produce complete cellular leakage. With exception of E. floccosum and M. gypseum, the percentage cellular leakage was significantly increased on treatment of 10 µg/ml AgNPs as compared to the control (Fig. 1) 
Ergosterol
The reduction in ergosterol content is depending likely on the treatment and the tested fungus. Laser radiation applied for 45 s at 532 nm, fluence rate of 0.8 J/cm 2 , 10 ns pulse duration, and repetition rate of 10 Hz reduced the ergosterol content to values ranged from 18.3% in the case of T. rubrum to 27.8% for M. gypseum (Fig. 2) . 
Scanning electron microscopy (SEM)
The image obtained by SEM on application of 45 s Nd:YAG laser at 532 nm and fluence rate of 0.8 J/cm 2 ( Fig. 3b) shows partial perforation, malformation, and occasionally destruction of M. canis conidia. The structural alterations occurred to the fungus conidia was clear in the case of AgNPs where the treated conidia show the accumulation of AgNPs on the conidia surfaces causing its morphological deformation (Fig. 3c ). More obvious damage was noticed on the application of AgNPs in combination with Nd:YAG laser applied for 45 s at 532 nm and fluence rate of 0.8 J/cm 2 ( Fig. 3d) . The conidia and cells of hyphae were losing their cellular integrity, flaccid, permanently destructed, and completely killed.
Pathogenicity experiment
In this experiment, AgNPs was used singly or conjugated with specific antibody. The antibody was used for the recognition of the dermatophyte fungus and aimed to increase the efficiency of AgNPs. In the previous in vitro experiments the use of conjugated nanoparticles did not result in significant variation compared with that produced by antibody-free AgNPs, so the data related to conjugation for the in vitro experiments were not recorded. The treatment of M. canisinoculated guinea pigs with 13 µg/ml AgNPs caused 70.8% recovery after 45 days of inoculation as compared to 79.2% recovery in the case of fluconazole applied at 152 µg/ml (Table 3). Conjugation of AgNPs with the antibody achieved significantly more curing reaching 76.4%. More than 96% healing for guinea pigs was obtained on using 13 µg/ml conjugated AgNPs mediated by Q-switched Nd:YAG laser applied for 45 s at 532 nm and fluence rate of 0.8 J/cm 2 . The individual treatment of the inoculated guinea pigs with laser radiation induced significant curing reaching up to 48.0%, which is significantly lower than that obtained by AgNPs or fluconazole. By the end of the experiment, the body weight gain of the guinea pigs did not show significant difference between control and different treatment groups. Moreover, no toxic signs were detected in skin after 45 days (Fig. 4) .
Discussion
As indicated by the lower values of MIC 50 and MIC 100 , all the dermatophytes species were more significantly sensitive to AgNPs as compared with fluconazole. The MIC 50 and MIC 100 of AgNPs for the tested dermatophytes recorded and were more potent in activity than fluconazole. The antifungal toxicity of nanoparticles is well established.
11,34
The further decrease in MIC50 and MIC100 of AgNPs combined with Q-switched Nd-YAG laser indicates complementary effect of the applied agents. Vural et al. 35 showed that 1064 nm and 532 nm Q-switched Nd:YAG laser systems had significant inhibitory effect upon T. rubrum isolates and caused colony growth inhibition in vitro. It is well documented that the effectiveness of laser energy depends on the light-tissue interaction, which is a function of wavelength, fluence, and tissue optics. 36 The difference in effectiveness of the different tested species to Nd:YAG laser when applied together with AgNPs is likely due to the variation in photosensitizer contents in the fungal cells which are related to the change in absorbance and/or scattered laser intensity. This subsequently may cause variation in laser effectiveness and may cause denaturation of one or more of the molecules within the pathogen resulting in fungal deactivation. Vural et al. 35 reported that a mechanical rather than thermal damage occurs for the dermatophyte fungus T. rubrum when the colony is irradiated to 532 nm laser mainly due to the absorption of laser by the red pigment canthomegnin. It is suggested that the cell proliferation promoted by laser probably facilitate easier penetration of the nanoparticles into the fungal cells through the pits brought by laser in the cell wall, causing damage in the cytoplasm and/or other cell components. The proliferation is mostly related to the activation of mitochondrial respiratory chain and the initiation of cellular signaling. 37 Moreover, the thermal effect attained by laser radiation induces excitation of electrons in AgNPs, which are captured on active sites and then react with oxygen to form superoxide radicals, which are responsible for induction of reactive oxygen species (ROS). 38 ROS are considered to disturb several cellular processes, induce oxidative damage for many organelles and therefore are responsible for antifungal activity. Keratinases are enzymes of great importance involved in pathogenesis of the most dermatophyte fungi. All the tested species have shown to produce different keratinolytic activities according to the tested species. The reduction in keratinase activities on application of AgNPs was superior to that induced by fluconazole as standard antifungal agent. In literature, AgNPs have been shown to inhibit the activity of several enzymes including glucose oxidase, 39 creatine kinase, 40 transaminase, 41 α-amylase, 42 and lactate dehydrogenase. 43 The inhibitory effect of AgNPs on keratinase is probably due to induction of changes in regulation, configuration and function of the enzyme. 44 The further drop in reduction of keratinase activity of the tested fungi on the application of AgNPs combined with Q-switched Nd:YAG laser indicates a significant role of laser in enhancement of keratinase inhibition. Dermatophyte species including T. rubrum, T. mentagrophyte, E. foccosum, and M. gypseum contain and produce a variety of colored pigments including melanin, which are strongly absorbed by 532 nm Nd-YAG laser. 45 Such absorption possibly induces photochemical reactions or photothermalization 46 causing reduction in the ability of the fungus to produce keratinase or may cause changes in gene expression responsible for keratinase production.
The increased percentage mycelium leakage measured at 260 nm light absorption materials increased on treatment with 10 µg/ml AgNPs with a maximum value recorded for M. gypseum and minimum for E. floccosum. The values of leaked materials of AgNPs are mostly more than or at least matched with those obtained from treatment of 100 µg/ml fluconazole. Silver nanoparticles have the ability to accumulate to the microbial cell wall inducing pits that facilitate their penetration making damage in the cell membrane which subsequently lose its control on permeability and ultimately lead to cell death. 47 The porosity of the cell membrane may be attributed to the formation of free radicals, which have the ability to damage the cell membrane and make it porous. 48, 49 The drastic increase in the leaked material on treatment of the investigated mycelia with AgNPs combined with laser radiation indicates that laser acts synergistically in inducing a loss of membrane integrity and consequently decreases the ability of the cell to maintain a concentration gradient across the plasma membrane. The energy of laser light causes rotation and resonance changes of macromolecules and the water molecules, resulting in an increased structural order of the submembraneous components in the living cells. 50 Moreover, the excitation of the photosensitizing molecules in fungal cell results in a multistep, free-radical generating effect leading to ultrastructural changes of membrane organization. Since the leaked materials of the plasma membrane is closely related to ergosterol, which is essential component of the cell membrane, so ergosterol measurement looks important. The loss in ergosterol in the membrane on treatment of the studied species with AgNPs alone or combined with Nd:YAG laser is generally matched with the increase in the leaked materials. Tlili et al. 51 indicated that AgNPs clearly affected fungal growth and induced ≤61% reduction in ergosterol synthesis. The reduction in ergosterol on treatment with nanoparticles may be due to the inhibition of squalene monooxygenase, which is an important enzyme involved in the synthesis of ergosterol. 52 The ergosterol biosynthesis inhibition may causes lysis of the cell membranes of the tested species due to the changes in both membrane integrity and fluidity and direct membrane damage. The structural alterations occurred to M. canis conidia induced by AgNPs as seen by SEM analysis was increased by Nd:YAG laser. The laser irradiation acts synergistically enhancing the efficiency of AgNPs. The magnitude of the cellular damage of laser-exposed microorganism probably depends on the fluence rate and duration of exposure to laser light and this could be mediated and facilitated by the presence of pigments. 35, 53 It is possible that the endogenous pigments and different absorbing targets in the conidia and in the hyphae of M. canis are photosensitized for damage by Nd:YAG laser, a case that is enhanced by the application of AgNPs. Wolf 54 reported the carotenoids pteridine as fluorescent pigment formed by M. canis. This pigment has its main absorption in the 400-500 nm band, which is closed to that used in this research (530 nm) and might play a role as photosensitizer on application of laser.
The high percentage curing of M. canis-infected guinea pigs treated with AgNPs particularly when the latter is conjugated with the antibody and combined with Nd:YAG laser indicates the beneficial role of both antibody and laser as complementary agents in increasing the efficiency of nanoparticles. The antibody helps in detecting dermatophyte and specifically recognizing the pathogen components and directs the AgNPs to the infected site. The laser pulse energy is probably absorbed by the AgNPs causing increase in the kinetics and consequently permitting enhanced diffusion of the nanoparticles to the infected area. Our results published previously (Ouf et al. 11 ) indicates more than 90 % healing of guinea pigs inoculated with M. canis on using 13 mg/ml AgNPs combined with atmospheric pressure cold plasma generated at a flow rate of 3.5 SLPM for 2 min. The treatment of the inoculated guinea pigs with cold plasma alone induced significant healing, reaching 42.0%, which is considerably lower than attained by AgNPs or fluconazole.
In conclusion, AgNPs have different mechanisms in retarding and inhibition of the dermatophytes including increase in cellular leakage, ergosterol reduction, and keratinase inhibition. The use of nanoparticles conjugated with antibody and combined with laser achieves powerful and promising method in in vivo application against superficial dermatophytosis.
